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(54) Access structure for high density read only memory 



(57) A high density read only memory structure is 
arranged to have the decoders and selectors which are 
used to access the read only memory arrays in a layer 
(203) which is above and/or below the readonly memory 
array layers (201-1 -201 -N). Note that by layer it is 
meant a substantially planar structure with some thick- 
ness in which the circuitry that makes up particular func- 
tionality resides. Thus, the inefficient two-dimensional 
structure of the prior art is folded over to create a com- 
pact read only memory device with a three-dimensional 
structure. Connection of the decoders to the rows is not 



limited to the ends of the rows, but instead may be made 
at any point along the rows. Similarly, connection of the 
selectors to the columns is not limited to the ends of the 
columns, but instead may be made at any point along 
the columns. Advantageously, additional circuitry is not 
required on the periphery of the memory array, so that 
a smaller overall memory device is achieved. In addi- 
tion, in order to reduce cross talk when reading the 
memory array with a low impedance amplifier, the mem- 
ory is addressed using a single active row and, rt is read 
only one column at a time. 
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Description 

T chnical Field 

[0001] This invention relates to the read only memory 
structures, and more particularly, the arrangement of cir- 
cuitry for reducing the area required to access a high 
density read only memory. 

Background of the Invention 

[0002] A well known problem in the art of read only 
memories is that the circuitry required to access, i.e., to 
address and read the memory, requires area on the 
memory chip, because the memory cells are read using 
decoders and selectors located on the periphery of the 
memory array. According to the prior art, the more dense 
the memory array, the more area required lor the decod- 
ers and selectors relative to the memory array area. As 
a result, for a very high density memory array, such as 
is disclosed in United States Patent Application Serial 
No. 08/748 : 035, which is assigned to the same assignee 
as the present invention and is incorporated by refer- 
ence as if set forth fully herein, it is impractical to use 
prior art access techniques, because the area overhead 
required for the decoders and selectors essentially ne- 
gates the advantage of the increased memory density. 

Summary of the Invention 

[0003] I have recognized that the problems with ac- 
cessing high density read only memory arrays can be 
avoided, in accordance with the principles of the inven- 
tion, by placing the decoders and selectors which are 
used to access the read only memory array in another 
layer which is above and/or below the read only memory 
array layers. Note that by layer it is meant a substantially 
planar structure with some thickness in which the cir- 
cuitry that makes up particular functionality resides. 
Thus, the inefficient two-dimensional structure of the pri- 
or art is folded over to create a compact read only mem- 
ory device with a three-dimensional structure. In accord- 
ance with an aspect of the invention, connection of the 
decoders to the rows is not limited to the ends of the 
rows : but instead may be made at any point along the 
rows Similarly, connection ot the selectors to the col- 
umns is not limited to the ends of the columns, but in- 
stead may be made at any point along the columns. Ad- 
vantageously, additional circuitry is not required on the 
periphery of the memory array, so that a smaller overall 
memory device is achieved. In addition, in order to re- 
duce cross talk when reading the memory array with a 
low impedance amplifier, the memory is addressed us- 
ing a single active row, and, in accordance with an as- 
pect of the invention, it is read only one column at a time. 



[0004] In the drawing: 

5 FIG. 1 shows an exemplary prior art layer of read- 

only memory (ROM); 

FIG. 2 shows a cross-sectional view of an arrange- 
ment of multiple arrays of read-only memory, in ac- 
cordance with the principles of the invention; 
10 FIG. 3 shows a read only memory structure includ- 
ing one memory array plane and its underlying de- 
code-select circuitry; 

FIG. 4 shows a section of a memory structure in ac- 
cordance with an aspect of the invention; 
is FIG. 5 shows a read circuit in accordance with the 
principles of the invention; 

FIG. 6 shows an exemplary row decoder structure 
for an 8 x 32 memory; and 

FIG. 7 shows an exemplary column select structure 
20 for an 8 x 32 memory. 

Detailed Description 

[0005] FIG. 1 shows an prior art exemplary layer of 

25 read-only memory (ROM) 101. ROM 101 includes rows 
of wires 103, columns of wires 1()5, and interconnects 
1 07. Rows 1 03 and columns 1 05, are in different planes, 
so that they do not intersect. Although they need not be 
perpendicular to each other, rows of wires 103 and col- 

30 umns of wires 1 05 are arranged so that they cross each 
other. The presence of one of interconnects 1 07 at a row 
and column crossing yields information that is perma- 
nently stored thereat. Interconnects 1 07 may be a resis- 
tor with a higher resistance than the materials making 

35 up rows of wires 103 and columns of wires 105, a non- 
linear element such as a diode, transistor, or the like. 
Note that more than one bit of information can be rep- 
resented at a crossing of a single row and a single col- 
umn, depending on the type of interconnect used. For 

40 example, if resistors of different 16 values were em- 
ployed, each crossing coufd represent four bits. 
[0006] FIG. 2 shows a cross-sectional view of an ar- 
rangement of multiple arrays of read-only memory 201 , 
which included read only memory arrays 201-1 through 

45 201 -N, each of which is located in a separate layer, in 
accordance with an aspect of the invention. Each of 
memory arrays 201 is similar in structure to ROM 101. 
Located below memory arrays 201, in accordance with 
the principles of the invention, is decode-select circuitry 

so 203. Decode-select circuitry 203 includes address de- 
coders and output selectors for use in accessing the in- 
formation stored in memory arrays 201 . Note that con- 
ductive bridges 205 electrically connect the interrupted 
rows and/or columns of ones of memory arrays 201 

55 through decode-select circuitry 203, in accordance with 
an aspect of the invention. This is described in further 
detail herein-below. 

[0007] An address decoder cell, as used herein, is at 
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least the driver of a row and any partial circuitry required 
to select that driver. Thus, address decoder cells may 
be self contained, or they may share circuitry amongst 
themselves. The result of the address decoder is output 
signals, each of which drives a single row of one of mem- 
ory arrays 201. 

[0008] An output selector cell, as used herein, is at 
least the selector of a column which allows the data on 
the selected column to pass through it, e.g., to an am- 
plifier, to the exclusion of the other columns. This may 
be made up of a gating function, e.g., implemented by 
a single transistor, and any partial circuitry required to 
select that gating function. Thus, output selector cells 
may be self contained, or they may share circuitry 
amongst themselves. The result of the output selector 
is a selection of one column of each of memory arrays 
201 from which data will be read. 
[0009] In one embodiment of the invention the regular 
spacing between the wires that make up the rows of 
each memory layer as well as the spacing between the 
wires that make up the column of each memory layer is 
the minimum spacing that can be etched, so as to max- 
imize memory cell density. If such regular spacing were 
to be employed for each and every wire, there would be 
no room to connect the wires to the row decoders or 
output selectors at their different layer, which is neces- 
sary to make the memory useful. 

[0010] Therefore, in accordance with an aspect of the 
inventions, gaps are left between ones of the row wires 
or the column wires of a memory layer, so that connec- 
tions may be made between a) rows and/or columns and 
b) the respective row decoder and/or output selector 
For the rows, one gap needs to be left for each row de- 
coder that underlies the rows. For example, for an N x 
M memory, where N is the number of rows and is M is 
the number of columns, there are required N row decod- 
er cells and M output selector cells. Thus, if identical row 
decoder cells are used, and they are arranged in an ar- 
ray of J rows by K columns, there will be K gaps in the 
M columns of column wires. Similarly, if identical column 
select cells are used, and they are arranged in an array 
of R rows by S columns, there will be R gaps in the N 
rows of row wires. 

[0011] To illustrate this, FIG. 6 shows an exemplary 
row decoder structure lor an 8 x 32 memory. Row de- 
coder cells 603 are arranged in 1 row of 8 columns, i.e., 
J=1 and K=8. This results in 8 gaps 607 within the 32 
columns of wires 605. Similarly, FIG. 7 shows an exem- 
plary column select structure for an 8 x 32 memory. The 
column select cells 703 are arranged in 4 row of 8 col- 
umns, i.e., R-4 and S=8. Thus, there are 4 gaps 707 
within the S rows of wires 705. 

[0012] For a more detailed view, FIG. 3 shows a read 
only memory structure 301 including one memory array 
plane and its underlying decode-select circuitry. Shown 
are rows 303, including a) rows 303-1 through 303-N; 
b) columns 305, including columns 305-1 through 
305-M; c) various interconnects 307; d) row drivers 309; 



e) column selectors 311 ; 1) row gaps 313; g) row driver 
connects 315; h) column selector connectors 317: and 
column gaps 323. Elements 303, 305, and 307 make up 
the memory array plane, while elements 309, 311, 315, 

s and 31 7, as well as logic circuitry (not explicitly shown) 
which is embedded in substrate 319, make up the de- 
code select circuitry for the memory array plane. 
[0013] At each point where one of rows 303 is con- 
nected to one of columns 305 by a one of interconnects 

10 307, a bit is stored. Row drivers 309 carry the signals 
which are the output of row decoders. These signals are 
coupled to the various ones of rows 303 via row driver 
connects 31 5. Column selectors 311 carry signals which 
indicate the presence of bits as a function of the row 

is being driven. More specifically, such signals 1 ) originate 
from the one of row drivers 309 for the one of rows 303 
being driven and are coupled to that row via one of row 
driver connects 315; 2) pass via one of interconnects 
307, if any, to the column being read; and 3) proceed 
20 via one of column slectors 311 from the column being 
read to its corresponding column selector. However, on- 
ly if a particular column is selected to be read by the 
decode-select cells is the signal from the column passed 
on. 

2S [0014] Within substrate 319, at least a portion of the 
row decoder which drives a particular row via row drivers 
309 is located within the vicinity of row driver 309, e.g., 
within a region that lies between two neighboring row 
drivers 309. Similarly, within substrate 319, at least a 

30 portion of the column selector which selects a particular 
column via column selector 311 is located within the vi- 
cinity of column selector 311, e.g., within a region that 
lies between two neighboring column selectors 311. 
Note that not all of the row driving circuitry or column 

35 selecting circuitry need be within the specified vicinities, 
as it may be desirable to predecode portions of the row 
and column addresses. Furthermore, any conventional 
decoding technique may be employed, e.g., serial de- 
coding, random access, or any combination thereof. 

40 [0015] All the components of read only memory struc- 
ture 301 which are shown in FIG. 3, except intercon- 
nects 307, are low impedance. Interconnects 307 may 
be a high impedance type of device, e.g., a resistor, or 
it may be a substantially directional device, e.g. , a diode. 

4 5 In the conventional manner, when interconnects 307 are 
a high impedance type of device, such as a resistor, then 
the size of the memory array is limited by the ratio of the 
impedance of the interconnects to the combined imped- 
ances of the other conductors to which it is connected. 

50 As is known, the size limit of the memory array is relaxed 
when using substantially directional devices. 
[0016] Row gaps 313 are strategically located be- 
tween rows 303 so that connections may be made from 
columns 305 to the decode select circuitry located on a 

55 different level. In the embodiment of the invention shown 
in FIG. 3, rows 303 are located between columns 305 
and column selectors 311 in the Z-direction. In order to 
fit in a column selector connector 31 7 a gap at least the 
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size of one of column selectors 317 is needed so that 
there is space between the row wires for the column se- 
lector connector to drop through without the connector 
touching any other feature of memory structure 301 . 
[0017] Column gaps 323 serve a similar purpose to 
row gaps 31 3, but are only necessary if there were ad- 
ditional memory array planes incorporated into memory 
structure 301 above the memory array plane shown in 
FIG. 3. If there was at least one such an additional mem- 
ory plane, columns 305 would be located between the 
rows of that additional memory plane and the row drivers 
for that memory plane in the Z-direction. 
[0018] However, column gaps alone are insufficient 
when using wires that are minimally spaced, i.e., nofea- 
ture can be fit in between the wires. This is because ; the 
rows of an additional memory, such as noted above, 
plane would run directly above the rows of the memory 
plane shown in FIG. 3. Thus, there is no clear space 
through which a row connector can be run to the addi- 
tional memory plane. Therefore, in accordance with the 
principles of the invention, a break is introduced in the 
rows 303, as was described in connection with FIG. 2. 
Such a two memory plane structure is shown in FIG. 4 
for one row and column of FIG. 3 and one row and col- 
umn of the additional memory plane. 
[0019] In particular, a single row 403 and single col- 
umn 405 are shown in FIG. 4 for the additional memory 
plane, as is a single row driver connect 41 5 and a single 
column selector connector 417. Note that the row 303 
which was previously a single unbroken row 303 in the 
memory array plane shown in FIG. 3 has been replaced 
by two row segments 303, namely row segments 303-a 
and 303-b. Similarly the row driver connect 315 which 
previously served the single row 303 has been replaced 
by two row driver connects 315, namely row driver con- 
nects 315-a and 315-b. Note that, as shown in FIG. 4, 
row driver connect 315-a serves row segment 303-a 
while row driver connect 315-b serves row segment 
303-b. The two row segments 303-a and 303-b are con- 
nected in the decode-select circuitry, as they are com- 
monly driven. 

[0020] In a like manner, column 305, which was pre- 
viously a single unbroken column in the memory array 
plane shown in FIG. 3, has been replaced by two column 
segments 305. namely column segments 305-a and 
305-b. Similarly, the column selector connect 31 7 which 
previously served the single column 305 has been re- 
placed by two column selector connects 317, namely 
column selector connects 317-a and 317-b. Note that, 
as shown in FIG. 4, column selector connect 317-a 
serves column segment 305-a while column selector 
connect 317-b serves column segment 305-b. The two 
column segments 305-a and 305-b are connected in the 
decode-select circuitry, as the signal from each of them 
is connected to the same selector input 205. 
[0021] If even further memory array planes are em- 
ployed, the rows and columns of each plane except the 
topmost plane are segmented, as described. The gap 



between each lower row and column is increased for 
each plane that is added. 

[0022] If, instead of adding the additional memory ar- 
ray plane on top of the existing memory array plane 

s shown in FIG. 3 the additional memory array plane is 
added below the decode-select circuitry within substrate 
319, no gap would be necessary However, any further 
memory array planes, whether above that shown in FIG. 
3 or below that added below substrate 31 9, would re- 

10 quire the introduction of gaps in the memory planes clos- 
er to substrate 319. 

[0023] In accordance with an aspect of the invention, 
less than all, and preferably only one, of the columns 
are selected for reading at any particular time. All the 
?5 other columns that are not currently being read are ter- 
minated in a low impedance. This may be achieved by 
employing the read circuit shown in FIG. 5. The state of 
control signal 501 determines whether the one of col- 
umns 305 connected to the read circuit is being read or 
is connected to low impedance. If control signal 501 is 
a logic 1 , then transistor 507 is on and output 509 takes 
the value of the one of columns 305. Inverter 503 causes 
a logic 0 to be applied to transistor 505, causing it to be 
off. Conversely, if control signal 501 is a logic 0, then 
transistor 507 is off, disconnecting the one of columns 
305 from output 509. However, inverter 503 causes a 
logic 1 to be applied to transistor 505, turning it on. This 
causes the one of columns 305 to be connected to 
ground, which is a low impedance. Advantageously, 
cross talk is reduced, allowing the memory array to be 
larger. 

[0024] The foregoing merely illustrates the principles 
of the inventions. It will thus be appreciated that those 
skilled in the art will be able to devise various arrange- 
ments which, although not explicitly described or shown 
herein, embody the principles of the invention and are 
included within its spirit and scope. 



40 Claims 

1. A read only memory, comprising: 

a two-dimensional array of read only memory 

45 cells in a layer; and 

a row decoder for selecting a portion of said 
two-dimensional array of memory cells, said 
row decoder being located in a layer that is dif- 
ferent from said layer of said two-dimensional 

50 array of read only memory cells. 

2. The invention as defined in claim 1 wherein said ar- 
ray of row decoders is a two-dimensional array of 
row decoders. 

55 

3. The invention as defined in claim 1 wherein said lay- 
er of said array of row decoders is above said layer 
of said two-dimensional array of read only memory 
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cells. 

4. The invention as defined in claim 1 wherein said lay- 
er of said array of row decoders is below said layer 

of said two-dimensional array of read only memory s 

cells. 

5. The invention as defined in claim 1 wherein said 
two-dimensional array of read only memory cells is 
arranged into said layer and another layer, and 10 
wherein said layer of said row decoders is between 
said layer and said other layer of said two-dimen- 
sional array of read only memory cells. 

6. The invention as defined in claim 1 wherein said row is 
decoders are connected at any point along a row of 
said two-dimensional array of read only memory 
cells. 

7. The invention as defined in claim 1 wherein at least 20 
one address decoder of said row decoders is con- 
nected at a point other than an endpoint of a row of 
said two-dimensional array of read only memory 
cells. 

25 

8. The invention as defined in claim 1 wherein for at 
least one layer of said two-dimensional array of 
read only memory cells there is a break in the con- 
tinuity of said row in said layer which is connected 
electrically via a connection with said layer of said 30 
two-dimensional array of row decoders. 

9. The invention as defined in claim 1 wherein for at 
least one layer of said two-dimensional array of 
read only memory cells there is a break in the con- 35 
tinuity of said row in said layer which is connected 
electrically via a connection with a layer of a two- 
dimensional array of output selectors. 

10. The invention as defined in claim 1 wherein further 40 
including means for connecting one or more col- 
umns of said at least one layer of said two-dimen- 
sional array of read only memory cells to ground 
when said one or more columns are not being se- 
lected for reading. 45 

11. A method comprising the steps of: 

retrieving read only information that is stored 
in a layer of semiconductor by employing circuitry 
located in another layer of said semiconductor. so 
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(54) Access structure for high density read only memory 



(57) A high density read only memory structure is 
arranged to have the decoders and selectors which are 
used to access the read only memory arrays in a layer 
(203) which is above and/or below the read only memory 
array layers (201-1 -201 -N). Note that by layer it is 
meant a substantially planar structure with some thick- 
ness in which the circuitry that makes up particular func- 
tionality resides. Thus, the inefficient two-dimensional 
structure of the prior art is folded over to create a com- 
pact read only memory device with a three-dimensional 
structure. Connection of the decoders to the rows is not 



limited to the ends of the rows, but instead may be made 
at any point along the rows. Similarly, connection of the 
selectors to the columns is not limited to the ends of the 
columns, but instead may be made at any point along 
the columns. Advantageously, additional circuitry is not 
required on the periphery of the memory array, so that 
a smaller overall memory device is achieved. In addi- 
tion, in order to reduce cross talk when reading the 
memory array with a low impedance amplifier, the mem- 
ory is addressed using a single active row, and, it is read 
only one column at a time. 
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